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and at least one controller 1s provided. The at least one con-
troller 1s programmed to apply a filter to a requested engine
power. The filter has a filter effect responsive to a difference
between an actual and filtered driver demand such that the
filter etlect increases as the difference decreases to reduce
rates of change 1n engine power output to satisty the actual
driver demand.
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VEHICLE ENGINE AND ELECTRIC
MACHINE CONTROL

TECHNICAL FIELD

The present disclosure relates to controlling an engine and
clectric machine 1n a hybrid-electric vehicle.

BACKGROUND

Vehicles are commonly provided with accelerator pedals.
Upon actuation of the accelerator pedal 1n a vehicle equipped
with an mternal combustion engine, the engine throttle body
permits greater intake air flow. As a result of the increased air
tflow, fuel flow 1s 1ncreased and the engine combustion rate 1s
increased, resulting 1n an increased engine speed. In vehicles
equipped with an internal combustion engine coupled with an
clectric machine or generator, actuation of the accelerator
pedal may correspond with an overall system output torque.
Large actuations of the accelerator pedal result 1n large
changes 1n overall system output torque, possibly leading to
large changes 1n engine power. Small to medium actuations of
the accelerator pedal result 1n small to medium changes in
overall system output torque, possibly leading to small to
medium changes 1n engine speed. These changes in engine
power may impact engine fuel efficiency negatively due to the
engine operating at an netficient point.

SUMMARY

A powertrain control system includes a controller that
applies a filter to a requested engine power 1ncrease having a
filter effect responsive to changes 1n power requests such that
the filter effect increases as a difference between the power
requests and a filtered power request decreases, reducing a
rate of change 1n engine power to satisty the power requests.
The controller further operates an electric machine based on
a difference between the requested engine power increase and
the filtered requested engine power.

A vehicle includes an engine, an electric machine, a trac-
tion battery configured to supply power to the electric
machine, and at least one controller. The at least one control-
ler applies a filter to a requested engine power, with the filter
having a filter effect responsive to a difference between an
actual and filtered driver demand. The filter eflect increases as
the difference decreases to reduce rates of change 1n engine
power output to satisty the actual driver demand.

A method of controlling a hybrid electric vehicle includes
applying a filter to an engine power request to generate a
filtered engine power request having a filtering effect respon-
stve to a difference between an actual and filtered driver
demand such that the filtering effect increases as the differ-
ence decreases. The method further includes operating an
engine to satisty the filtered engine power request. The
method still further includes operating an electric machine in
response to a deficit between the engine power request and the
filtered engine power request.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a hybrid electric vehicle.

FIGS. 2A through 2C are time plots showing system
response to an accelerator pedal input.

FIG. 3 1s a graph depicting smooth engine response to an
accelerator pedal iput.

FIGS. 4A and 4B are time plots showing system response
to an accelerator pedal input.
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FIGS. 5A through 5C are time plots showing system
response to a nervous pedal input.

FIG. 6 1s a tlow chart of an algorithm for engine and electric
machine control.

DETAILED DESCRIPTION

Embodiments of the present disclosure are described
herein. It 1s to be understood, however, that the disclosed
embodiments are merely examples and other embodiments
can take various and alternative forms. The figures are not
necessarily to scale; some features could be exaggerated or
minimized to show details of particular components. There-
fore, specific structural and functional details disclosed
herein are not to be interpreted as limiting, but merely as a
representative basis for teaching one skilled in the art to
variously employ the embodiments. As those of ordinary skall
in the art may understand, various features 1illustrated and
described with reference to any one of the figures can be
combined with features 1llustrated in one or more other fig-
ures to produce embodiments that are not explicitly illus-
trated or described. The combinations of features illustrated
provide representative embodiments for typical applications.
Various combinations and modifications of the features con-
sistent with the teachings of this disclosure, however, could
be desired for particular applications or implementations.

FIG. 1 illustrates a schematic diagram of a hybrid electric
vehicle (HEV) 10 having representative relationships among
the components. The HEV 10 includes a powertrain 12. The
powertrain 12 includes an engine 14 that drives a transmission
16, which may be referred to as a modular hybrid transmis-
sion (MHT). As may be described 1n further detail below, the
transmission 16 includes an electric machine such as an elec-
tric motor/generator 18, an associated traction battery 20, and
an automatic transmission, or gearbox 22. Other arrange-
ments are, of course, also contemplated.

The engine 14 and the electric machine 18 are both drive
sources for the HEV 10. The engine 14 generally represents a
power source that may include an internal combustion engine
such as a gasoline, diesel, or natural gas powered engine, or a
tuel cell. The engine 14 generates an engine power and cor-
responding engine torque that 1s supplied to the electric
machine 18 when a disconnect clutch 24 between the engine
14 and the electric machine 18 1s at least partially engaged.
The electric machine 18 may be implemented by any one of a
plurality of types of electric machines. For example, the elec-
tric machine 18 may be a permanent magnet synchronous
motor. Power electronics (not shown) may condition direct
current (DC) power provided by the battery 20 to the require-
ments of the electric machine 18. For example, power elec-
tronics may provide three phase alternating current (AC) to
the electric machine 18.

When the disconnect clutch 24 1s at least partially engaged,
power flow from the engine 14 to the electric machine 18 or
from the electric machine 18 to the engine 14 1s possible. For
example, the disconnect clutch 24 may be engaged and elec-
tric machine 18 may operate as a generator to convert rota-
tional energy provided by a crankshaft and electric machine
shaft into electrical energy to be stored 1n the battery 20. The
disconnect clutch 24 may also be disengaged to 1solate the
engine 14 from the remainder of the powertrain 12 such that
the electric machine 18 can act as the sole drive source for the
HEV 10. Shaft 30 extends through the electric machine 18.
The electric machine 18 1s continuously drivably connected
to the shatt 30, whereas the engine 14 1s drivably connected to
the shaft 30 only when the disconnect clutch 26 i1s at least
partially engaged.
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The electric machine 18 i1s connected to gearbox 22
through a disconnect clutch 26 and transmission input shaft
28. The gearbox 22 may include gear sets (not shown) that are
selectively placed 1n different gear ratios by selective engage-
ment of friction elements such as clutches and brakes (not
shown) to establish the desired multiple discrete or step drive
rati0s. The friction elements are controllable through a shift
schedule that connects and disconnects certain elements of
the gear sets to control the ratio between the transmission
output shaift 30 and the transmission input shaft 28. The
gearbox 22 1s automatically shifted from one ratio to another
based on various vehicle and ambient operating conditions by
an associated controller, such as a vehicle system controller
32. The gearbox 22 then provides powertrain output torque to
output shatt 30.

As shown 1n the representative embodiment of FIG. 1, the
output shaft 30 1s connected to a differential 34. The differ-
ential 34 drives a pair of wheels 36 via respective axles 38
connected to the differential 34. The differential transmits
approximately equal torque to each wheel 36 while permiut-
ting slight speed differences such as when the vehicle turns a
corner. Different types of diflerentials or stmilar devices may
be used to distribute torque from the powertrain to one or
more wheels. In some applications, torque distribution may
vary depending on the particular operating mode or condi-
tion, for example.

The powertrain 12 further includes an associated vehicle
system controller 32. While 1llustrated as one controller, the
vehicle system controller 32 may be part of a larger control
system and may be controlled by various other controllers
throughout the vehicle 10. It should therefore be understood
that the vehicle system controller 32 and one or more other
controllers can collectively be referred to as a “controller”
that controls various actuators in response to signals from
various sensors to control functions such as starting/stopping,
the engine 14, operating the electric machine 18 to provide
wheel torque or charge the battery 20, select or schedule
transmission shifts, etc.

The controller 32 may include a microprocessor or central
processing unit (CPU) in communication with various types
of computer readable storage devices or media. Computer
readable storage devices or media may include volatile and
nonvolatile storage 1n read-only memory (ROM), random-
access memory (RAM), and keep-alive memory (KAM), for
example. KAM 1s a persistent or non-volatile memory that
may be used to store various operating variables while the
CPU 1s powered down. Computer-readable storage devices or
media may be implemented using any of a number of known
memory devices such as PROMs (programmable read-only
memory), EPROMSs (electrically PROM), EEPROMs (elec-
trically erasable PROM), tlash memory, or any other electric,
magnetic, optical, or combination memory devices capable of
storing data, some of which represent executable instructions,
used by the controller 1n controlling the engine or vehicle.

The controller communicates with various engine/vehicle
sensors and actuators via an mput/output (I/O) interface that
may be implemented as a single itegrated interface that
provides various raw data or signal conditioning, processing,
and/or conversion, short-circuit protection, and the like.
Alternatively, one or more dedicated hardware or firmware
chips may be used to condition and process particular signals
betore being supplied to the CPU. As generally illustrated in
the representative embodiment of FIG. 1, the vehicle system
controller 32 may communicate signals to and/or from the
engine 14, disconnect clutches 24 and 26, electric machine
18, transmission gearbox 22, and power electronics (not
shown). Although not explicitly illustrated, those of ordinary
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skill 1in the art may recognize various functions or compo-
nents that may be controlled by the controller 32 within each
of the subsystems 1dentified above.

Representative examples ol parameters, systems, and/or
components that may be directly or indirectly actuated using
control logic executed by the controller include fuel injection
timing, rate, and duration, throttle valve position, spark plug
ignition timing (for spark-ignition engines), intake/exhaust
valve timing and duration, front-end accessory drive (FEAD)
components such as an alternator, air conditioning compres-
sor, battery charging, regenerative braking, electric machine
operation, clutch pressures for clutches 24 and 26, and trans-
mission gearbox 22, and the like. Sensors communicating
input through the I/O interface may be used to indicate tur-
bocharger boost pressure, crankshait position (PIP), engine
rotational speed (RPM), wheel speeds (WS 1, WS2), vehicle
speed (VSS), coolant temperature (ECT), intake manifold
pressure (MAP), accelerator pedal position (PPS), ignition
switch position (IGN), throttle valve position (TP), air tem-
perature (TMP), exhaust gas oxygen (EGO) or other exhaust
gas component concentration or presence, intake air flow
(MAF), transmission gear, ratio, or mode, transmission oil
temperature (TOT), transmission turbine speed (1S), and
deceleration or shift mode (MDE).

Control logic or functions performed by the vehicle system
controller 32 may be represented by tlow charts or similar
diagrams 1n one or more figures. These figures provide rep-
resentative control strategies and/or logic that may be imple-
mented using one or more processing strategies such as event-
driven, mterrupt-driven, multi-tasking, multi-threading, and
the like. As such, various steps or functions illustrated may be
performed 1n the sequence illustrated, in parallel, or 1n some
cases omitted. Although not always explicitly illustrated, one
of ordinary skill 1n the art may recognize that one or more of
the 1llustrated steps or functions may be repeatedly performed
depending upon the particular processing strategy being used.
Similarly, the order of processing 1s not necessarily required
to achieve the features and advantages described herein.
Rather, the order 1s provided for ease of illustration and
description.

The control logic may be implemented primarily 1n soft-
ware executed by a microprocessor-based vehicle, engine,
and/or powertrain controller, such as the vehicle system con-
troller 32. Of course, the control logic may be implemented in
software, hardware, or a combination of software and hard-
ware 1n one or more controllers depending upon the particular
application. When implemented 1n soitware, the control logic
may be provided 1n one or more computer-readable storage
devices or media having stored data representing code or
instructions executed by a computer to control the vehicle or
its subsystems. The computer-readable storage devices or
media may include one or more of a number of known physi-
cal devices which utilize electric, magnetic, and/or optical
storage to keep executable instructions and associated cali-
bration information, operating variables, and the like.

An accelerator pedal 40 may provide a demanded torque,
power, or drive command to propel the vehicle. In general,
depressing or releasing the accelerator pedal 40 generates an
accelerator pedal position signal that may be interpreted by
the controller 32 as a demand/request for increased power or
decreased power, respectively. The controller 32 may be pro-
grammed to determine or calculate eflicient engine operating
points at a given engine speed and/or power/load level. Effi-
cient engine operating points may be steady state engine
operating points at which brake specific fuel consumption
(BSFC) 1s mimmimized at a given engine speed and/or power
level. The controller 32 1n a hybrid electric vehicle 1s able to
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command torque or power from the engine 14 or the electric
machine 18, or a combination of both to provide power to the
differential 34 to drive the wheels 36. By adjusting the bal-
ance of power between the engine 14 and electric machine 18,
the controller 32 1s able to improve overall fuel economy by
decreasing the loading or power request on the engine 14 and
using the electric machine 18.

Real world driver demands may send the engine 14 into
inellicient operating points with sub-optimal fuel economy
due to small or medium transients 1n accelerator pedal posi-
tions. These transients 1n accelerator pedal position may be
intended by the driver or umintentional changes 1n pedal posi-
tion, referred to as a “nervous pedal” or “noisy pedal.” Present
programming of the controller 32 may send the engine into a
higher-power but less efficient state during these transients in
pedal position, resulting 1n more time at inefficient engine
operating points. This 1s due to present programming honor-
ing the pedal position transients to satisty the driver’s expec-
tation of system response with the engine 14. Other methods
honor the pedal position transients but limit the wheel torque,
which has an unappealing feel to the driver.

A way to improve vehicle fuel economy when small or
medium transients i pedal position occur 1s to apply a
smooth engine for fuel economy filter. The controller 32 may
heavily filter engine operating points and command the elec-
tric machine 18 to handle small to medium transients. Heavy
filtering may permit the engine 14 to spend more time at
eificient operating points and may minimize fuel consump-
tion. This filtering may be considered a version of adaptive
filtering, 1in which large changes in driver demand may be
mimmally filtered or not filtered, and small to medium
changes in driver demand may be heavily filtered. The filtered
driver demand may lead to heavily filtered engine operating
points and permits battery power fill-in through the electric
machine 18 to meet the driver demand.

Prior to applying the filter to the engine operating points,
certain enablement basics may be required. The engine 14
should be on and the controller should calculate or determine
a difference between the actual driver demand and the slow
filtered version of the actual driver demand below a threshold
value. The threshold value may indicate a small or medium
transient 1n driver demand. A small to medium transient in
driver demand may be a change 1n accelerator pedal position
in the range of 0-15%. For example, a nervous or noisy pedal
may be indicated by an approximate 5% change in accelerator
pedal position. A medium transient may be indicated by an
approximate 10% change in accelerator pedal position.

These changes 1n accelerator pedal position may be trans-
lated or interpreted by the controller as power requests. These
power requests may comprise a total powertrain power output
request, which may be split between engine power requests
and electric machine power requests. The controller may
decide how to allocate the actual powertrain output power
between the engine and the electric machine.

FIGS. 2A through 2C depict a series of corresponding time
plots of accelerator pedal input, engine power request, and
battery power fill-in respectively. Each plot corresponds in
time and shows the smooth engine system response to a
medium accelerator pedal mput transient.

FIG. 2A 1s a plot of a medium accelerator pedal input
transient versus time. The actual driver demand/pedal input1s
depicted as curve 50. The actual driver demand 30 1is
increased by a driver over a first time period 34 and remains
constant for a second time period 56 1n the current example.
The controller recerves the actual driver demand 50 and pro-
vides a slow filtered version of the actual driver demand
depicted as curve 52. The slow filtered version 52 of the actual
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driver demand 50 may be a rolling (moving) average of the
actual driver demand 50, subject to a time constant. The slow
filtered version 52 may eventually reach the actual driver
demand 50. The filter, however, smooths the driver demand to
reduce or eliminate the slope of the actual driver demand 50.
As stated previously, this driver demand may be considered a
power request by the controller.

The controller may analyze or calculate the difference
between the actual driver demand 50 and the slow filtered
version 32 at a plurality of sampling period 58, 60, 62 and 64.
The controller may be programmed to analyze the difference
at more than four sampling points or less than four sampling
points. The four sampling periods are provided as an example
of the general operation of the controller and how the system
handles differences 1n the actual driver demand and the slow
filtered version. For example, during sampling period 58 the
difference between the actual driver demand and the slow
filtered version 1s A, 66. During sampling period 60, the
difference between the actual driver demand and the slow
filtered version 1s A, 68. During sampling period 62, the
difference between the actual driver demand and the slow
filtered versionis A, 70. Lastly during sampling period 64, the
difference between the actual driver demand and the slow
filtered version 1s A, 72. The controller then utilizes these
differences 1n adjusting a filter applied to the engine power
request.

As one skilled 1n the art well knows, engine power 1s a
function of engine torque and engine speed. Therelore, the
controller may be programmed to apply a filter to the
requested engine torque and/or the requested engine speed,
which would have the same eflect as a applying a filter to
requested engine power.

In certain situations an additional enablement basic should
be satisfied: the engine should reach a steady state operating
point. This 1s to ensure that a hybrid electric vehicle operating,
in electric mode does not prevent or slow down engine restart
if the filter 1s applied. However, this enablement basic 1s not
required 11 the controller 1s applying the filter to requested
engine power icreases based on a difference between power
requests and filtered power requests.

FIG. 2B 1s a corresponding time plot of the effect of the
filter on the engine power request versus time. It a filter was
not applied, the engine power request may follow curve 80 to
satisty the actual driver demand. If the filter 1s 1n effect, the
rate ol change of the engine request 1s decreased and may
follow curve 82 to satisty the actual driver demand, utilizing
the differences between the actual driver demand and the slow
filtered version of the actual driver demand. The filter on the
engine power request may be a low pass {ilter, configured to
reduce the filtering effect (lightly filter to no filter) as the
differences between the actual driver demand and the slow
filtered version of the actual driver demand increases. The low
pass filter 1s further configured to increase the filtering effect
(more heavily filter) based on smaller differences between the
actual driver demand and the slow filtered version of the
actual driver demand. The filter may be further configured to
increase the effect of filtering as the differences between the
actual drniver demand and the slow filtered version of the
actual driver demand decreases.

The filter may have continuous filtering effect 1n propor-
tion to the driver demand. The filter on engine power may also
be considered a two-sided filter providing a first filtering
response to a first magnitude of driver demand, such as a
pedal position increase (pedal tip-in), and that provides a
second filtering response to a second magnitude of driver
demand, such as a pedal position decrease (pedal tip-out).
Although a low-pass filter and a two-sided filter 1s described,
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it should be appreciated that alternative filter topologies may
be suitable to modily engine power requests to improve fuel
cconomy as well as for other purposes. Other such filter types
may also be provided with variable time constants and filter-
ing elfects.

In this example, A;>A,>A>A,. Therefore, the filtering
elfect increases as the differences between the actual driver
demand and the slow filtered version of the actual driver
demand decreases. The line segments of the filtered engine
power request curve 82 are depicted as discrete line segments
84, 86, 88 90, and may correspond with the time periods
associated with the sampling points 58, 60, 62, 64 of F1G. 2A.
As such, due to the increased filtering effect responsive to the
differences between the actual driver demand and the slow
filtered version of the actual driver demand, the slope of line
segment 84 1s steeper than the slope of line segment 86, which
in turn 1s steeper than the slope of line segment 88, which 1s
steeper 1n slope than line segment 90.

The decreasing slope of the line segments indicates the
increasing filtering effect of the filter, which 1s responsive to
the differences between the actual driver demand and the slow
filtered copy of the actual driver demand. The filter may be
applied subject to a variable time constant. The filter time
constant may be reduced 1n response to a difference between
the actual driver demand and the slow filtered version of the
actual driver demand exceeding a threshold value. For
example, 11 the difference between the actual driver demand
and the slow filtered version exceeds 15%, the time constant
may be reduced. The time constant may also be reduced in
response to accelerator pedal tip-out (release of accelerator
pedal) or braking events (applying the brakes). Conversely,
the time constant may be increased in response to a difference
between the actual driver demand and the slow filtered copy
of the actual driver demand falling below a threshold value.

The controller 1s further programmed to calculate/deter-
mine a difference between the engine power request curve 80
and the filtered engine power request curve 82. This differ-
ence 1indicates a deficit between the engine power output due
to the filter reducing the rate of change of the engine power
output. Therefore, the controller may attempt to schedule or
command the traction battery to provide fill-in power to the
clectric machine to satisiy the deficit. This may permit the
engine to remain at efficient operating points as the engine
power 1s smoothly increased to another efficient operating
point.

FI1G. 2C 1s a plot of the eflect of the filter on battery power
f1ll-in versus time. Curve 92 represents the battery power
f1ll-in 1 response to the deficit between the engine power
request and the filtered engine power request. During the first
sampling period 38, the battery power may not be scheduled
or commanded to provide battery {ill-in power 11 the engine
power request and the filtered engine power request curves
are parallel to each other as depicted 1n FIG. 2B during the
first sampling period 58.

The battery power may be scheduled or demanded to pro-
vide battery power {ill-1n to the electric machine in response
to the largest difference between the engine power request
and the filtered engine power request during the second sam-
pling period 60. Battery power fill-in may be additional power
supplied to the electric machine above the currently com-
manded/scheduled battery power delivered to the electric
machine. The scheduled battery power {ill-in to the electric
machine may begin to decrease 1n response to the difference
between the engine power request and the filtered engine
power request during the third sampling period 62. The
scheduled battery power fill-in to the electric machine 1s
turther reduced 1n response to the difference between the
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engine power request and the filtered engine power request
turther decreasing during the fourth sampling period 64. The
battery power fill-in 1s decreased as the engine power output
1s 1increased to meet the actual driver demand.

FIG. 3 depicts a plot of the engine speed and engine torque
response when the engine power request 1s filtered. The use of
the battery to provide battery power fill-in may permit the
engine power output to be increased slowly or smoothly along
curve 100 from a first steady operating point 102 to a second
steady operating point 104. The filter may be applied when
the engine 1s operating within the smooth engine control
window 108. These steady operating points 102, 104 may be
calibrated by the controller to maintain the engine at an effi-
cient point during the transition from steady operating point
102 to steady operating point 104, based on various engine
performance parameters including engine speed, engine load
and fuel consumption.

As the engine power output 1s increased, the controller may
attempt to maintain an eflicient operating point along curve
100 by slowly increasing engine speed or engine load to
achieve an optimum fuel consumption at the given engine
speed or engine load. When the engine power request 1s not
filtered, the engine operating points may move to provide
engine output power following curve 106. The filter may
permit the engine to operate smoothly and may optimize
battery power usage to improve fuel economy during small to
medium transients.

FIGS. 4A and 4B depict a series of corresponding time
plots of accelerator pedal input and engine power request.
FIG. 4 A represents an accelerator pedal input. During a first
time period 110, the actual driver demand remains constant
along line segment 114. An accelerator pedal tip-out occurs
during time period 112 along line segment 116, reducing the
actual driver demand. The actual driver demand 1s held steady
at a reduced level during time period 114 along line segment
120.

FIG. 4B 1s a corresponding time plot of the effect of the
filter on the engine power request versus time. The engine
power request tracks with a nearly direct correlation to actual
driver demand and may proportionally respond to the accel-
erator pedal tip out. During the first time period 110, the
engine power request remains constant with the actual driver
demand along line segment 122. The engine power request
reduces during time period 112 along line segment 124, cor-
responding to the accelerator pedal tip-out. The engine power
request 1s held steady during time period 114 along line
segment 126.

FIGS. SA through 5C depict a series of corresponding time
plots of accelerator pedal mput, engine power request, and
battery power fill-in. Each correspond 1n time and demon-
strate a smooth engine system response to a small accelerator
pedal mput transient. FIG. 5A 1s a plot of actual driver
demand versus time. Curve 130 represents a driver input
showing a small transient or perturbation in actual driver
demand as a result of a noisy or nervous accelerator pedal.
Curve 132 represents the filtered driver input. During time
period 134, the actual driver demand remains steady. During
time period 136, a nervous or noisy pedal transient occurs.
Lastly during time period 138, the actual driver demand
remains steady.

FIG. 5B 1s a corresponding time plot of the effect of the
filter on the engine power request versus time. Curve 140
represents the actual engine power request which corre-
sponds to the actual driver demand without applying the filter.
Curve 142 represents the filtered engine power request. Due
to the perturbations in actual driver demand indicating a small
transient during time period 136, the controller heavily filters
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the engine power request—removing or mimimizing the small
transient. The filtered engine power request prevents the
engine operating pomnt from changing, and {flattens or
smooths the small transients.

FIG. 5C 1s a time plot of the battery power fill-in versus
time. Curve 144 represents battery power {1ll-in in response to
the small transient. During the first time period 134, the
controller does not command or schedule battery power {ill-
in. During the second time period 136, the battery power
f1ll-in 1s commanded to respond to the small transients as a
result of the noisy pedal. During time period 138, the battery
power fill-1n 1s reduced or removed 1n response to the end of
the small transient.

An algorithm 1s provided to improve engine fuel economy
by smoothly transitioning the engine from a first steady oper-
ating point to a second steady operating point by heavily
filtering requested engine power. FIG. 6 depicts amethod 200
representative of an embodiment of the smooth engine con-
trol logic of the controller to implement the algorithm. The
smooth engine control logic may use as iputs the driver
demand 202 via the accelerator pedal, as well as operating
parameters mdicative of engine efficiency 204.

The method 200 may include applying a filter to the
received driver demand 206. The filter may create a slow
filtered version of the driver demand that may be a rolling
average of the recetved driver demand subject to a time con-
stant. The smooth engine control logic may calculate a dif-
terence between the received driver demand and the filtered
driver demand 208. Based on this difference, a smooth engine
filter may be applied by the controller.

Prior to applying a smooth engine filter, certain enablement
requirements may be satisfied. The engine status 210, for
example, should be evaluated. If the engine 1s not on or
operable, the logic may wait for further driver demand and
may not apply the smooth engine filter 216. Should the engine
be on or operable, the difference between the driver demand
and the filtered driver demand 1s compared to a threshold
value 212. If the difference 1s less than a threshold value, a
filter effect 1s calculated 214. The filter effect 1s calculated
based on the magnitude of the difference between the driver
demand and the filtered driver demand. The smooth engine
filter may apply a greater filtering effect to a smaller differ-
ence and a lesser filtering effect to a larger difference, 1f the
difference 1s below a threshold value. Should the difference
between the driver demand and the filtered driver demand be
greater than the threshold value, the smooth engine filter may
not be applied 216.

The method may include a further enablement requirement
that evaluates whether the engine 1s operating at a steady
operating point 218. This steady operating point may be an
engine operating point at which engine efficiency 1s opti-
mized at a given engine speed and engine load, or indicate that
the engine 1s not 1n a transient state. A transient state of the
engine may include fluctuations in engine speed or engine
load. If the engine 1s not at a steady operating point, the
smooth engine filter may not be applied 216. Should the
engine be operating at a steady operating point, the smooth
engine filter may be applied to an engine power request 220.

At step 220, the smooth engine filter applied to the engine
power request may attempt to smooth or flatten the engine
power request curve. The smoothing or flattening of the
engine power request curve results 1n a reduction 1n the rate of
change of the engine power output. This reduction 1n the rate
of change may decrease the rate at which the engine speed or
engine torque may be increased to satisty the engine power
request. The reduction 1n the rate of change may assist in
improving engine fuel economy. The engine may then be
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operated to satisty the filtered engine power request 222. This
operation of the engine may smoothly increase the engine
power output until the engine reaches the engine power
request or a second steady operating point that satisfies the
engine power request.

The method 200 further evaluates the difference between
the engine power request and the filtered engine power
request 224. Should there be a difference between the engine
power request and the filtered engine power request, the trac-
tion battery may be commanded or scheduled to provide
battery power fill-in to the electric machine to satisty the
difference 226. The difference may be such that more engine
power 1s requested than the filtered engine power request 1s
able to provide. If there 1s not a difference between the engine
power request and the filtered engine power request, battery
power fill-in may not be commanded or scheduled 230.

In order to apply the additional battery power fill-in to
satisly the difference, the battery power may be sent to the
clectric machine which 1s then operated 228 according to the
smooth engine logic. The battery power fill-in may then be
reduced 1n response to the engine power output increasing to
satisly the filtered engine power request/engine power
request. This may provide an approximately inverse relation-
ship between battery power fill-in and engine power output
during operation of the smooth engine filter.

The control algorithms described herein may improve
vehicle operating performance in several ways. Improved
fuel economy may result by reduction in the rate of change of
the engine power output. Improved fuel economy may also
result from the quickened response to accelerator pedal posi-
tion changes for pedal tip-out. Additionally, the driver may
still feel the vehicle acceleration without having the engine
operate 1 an eificient manner during small and medium
driver demand transients.

The present disclosure provides representative control
strategies and/or logic that may be implemented using one or
more processing strategies such as event-driven, interrupt-
driven, multi-tasking, multi-threading, and the like. As such,
various steps or functions illustrated herein may be performed
in the sequence illustrated, in parallel, or 1n some cases omit-
ted. Although not always explicitly illustrated, one of ordi-
nary skill in the art may recognize that one or more of the
illustrated steps or functions may be repeatedly performed
depending upon the particular processing strategy being used.
Similarly, the order of processing 1s not necessarily required
to achieve the features and advantages described herein, but 1t
1s provided for ease of 1llustration and description.

The control logic may be implemented primarily 1n soft-
ware executed by a microprocessor-based vehicle, engine,
and/or powertrain controller. Of course, the control logic may
be implemented 1n soitware, hardware, or a combination of
soltware and hardware 1n one or more controllers depending,
upon the particular application. When implemented in soft-
ware, the control logic may be provided in one or more
computer-readable storage devices or media having stored
data representing code or mstructions executed by a computer
to control the vehicle or 1ts subsystems. The computer-read-
able storage devices or media may include one or more of a
number of known physical devices which utilize electric,
magnetic, and/or optical storage to keep executable mnstruc-
tions and associated calibration information, operating vari-
ables, and the like. Alternatively, the processes, methods, or
algorithms can be embodied 1n whole or 1n part using suitable
hardware components, such as Application Specific Inte-
grated Circuits (ASICs), Field-Programmable Gate Arrays
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(FPGASs), state machines, controllers or other hardware com-
ponents or devices, or a combination of hardware, software
and firmware components.

While exemplary embodiments are described above, 1t 1s
not itended that these embodiments describe all possible
forms of the invention. Rather, the words used in the specifi-
cation are words of description rather than limitation, and it 1s
understood that various changes may be made without depart-
ing from the spirit and scope of the mvention. Additionally,
the features of various implementing embodiments may be
combined to form further embodiments of the invention.

What 1s claimed 1s:

1. A powertrain control system comprising:

a controller programmed to

apply a filter to a requested engine power increase hav-
ing a filter effect responsive to changes in power
requests such that the filter effect increases as a dii-
ference between the power requests and a filtered
power request decreases, reducing a rate of change 1n
engine power to satisiy the power requests, and

operate an electric machine based on a difference
between the requested engine power increase and {il-
tered requested engine power.

2. The powertrain control system of claim 1, wherein the
controller 1s further programmed to provide an engine control
window 1n which the filter may be applied to a requested
engine power increase based at least on an engine speed and
engine torque range and a change 1n power requests less than
a threshold.

3. The powertrain control system of claim 1, wherein the
filter effect 1s a function of a filter time constant and wherein
the filter time constant 1s varied in response to changes in
power requests such that a filter constant increases as changes
in power requests decrease.

4. The powertrain control system of claim 1, wherein the
filter effect 1s a function of a filter time constant and wherein
the filter time constant 1s varied in response to changes in
power requests, such that a filter time constant decreases as
changes 1n power requests increase.

5. A vehicle comprising:

an engine;

an electric machine;

a traction battery; and

a controller programmed to

apply a filter, having a filter effect responsive to a differ-
ence between actual and filtered driver demands, to a
requested engine power such that the filter effect
increases as the difference decreases to reduce engine
power output rates of change to satisfy the actual
driver demand, and

command traction battery power lor the electric
machine based on the difference.
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6. The vehicle of claim 5, wherein the controller 1s further
programmed to cause the electric machine to output power
based on a difference between the requested engine power
and the engine power output to satisty the actual driver
demand.

7. The vehicle of claim 5, wherein the filtered driver
demand 1s a rolling average of the actual driver demand.

8. The vehicle of claim 5, wherein the filter 1s a two sided
filter having a first filter effect in response to increases 1n
power requests and a second filter effect 1 response to
decreases 1n power requests.

9. The vehicle of claim 5, wherein the filter effect 1s
reduced 1n response to the difference exceeding a threshold
value.

10. The vehicle of claim 5, wherein the filter 1s applied to
the requested engine power when the engine has achieved a
first steady operating point and the difference is less than a
threshold.

11. The vehicle of claim 10, wherein the filter 1s applied to
the requested engine power as the engine power output 1s
increased during a transition from the first steady operating
point to a second steady operating point such that the actual
driver demand 1s satisfied.

12. A method comprising:

applying a filter to an engine power request to generate a

filtered engine power request having a filtering effect
responsive to a difference between an actual and filtered
driver demand such that the filtering effect increases as
the difference decreases:

operating an engine to satisty the filtered engine power

request; and

operating an electric machine 1n response to a deficit

between the engine power request and the filtered engine
power request.

13. The method of claim 12, wherein when operating the
clectric machine, the electric machine recerves battery power
to satisiy the deficit between the engine power request and the
filtered engine power request.

14. The method of claim 13, wherein engine power output
1s increased and battery power 1s decreased 1n response to the
deficit between the engine power request and the filtered
engine power request decreasing.

15. The method of claim 14 further comprising

recerving a signal indicative of the engine operating at a

second steady operating point; and

awaiting a change in driver demand.

16. The method of claim 12, further comprising recerving
a signal indicative of the engine operating at a first steady
operating point.

[l




	Front Page
	Drawings
	Specification
	Claims

